Abstract. An analytical method for the new class of linear-phase multiplierless 2D FIR
INTRODUCTION
The description and the proof of the extremal property of the Christoffel-Darboux sum for classical orthonormal polynomials for a given interval of orthogonality and a given weighting function are given in capital books [1, 2] . The application of the ChristoffelDarboux sum in the theory of filter functions for continuous 1D and 2D domain is given in the references [3 -11] .
Iterative methods and many efficient algorithms for the design of 2D filters are discussed in references [12] [13] [14] [15] [16] [17] [18] [19] [20] . In [12] the authors discuss the various approaches of designing 1D and 2D FIR filters using the theory of weighted Chebyshev approximations.
The different design and techniques are explained and compared. In [20] the method for circularly symmetric design of 2D wideband multiplierless FIR filter functions is given.
The 1D Hilbert transform in [21] has transfer function e j / 2 with asymmetric finite impulse response and has important applications in telecommunications.
This paper presents the further generalization of the previous research [5] [6] [7] in two dimensions. The proposed solution is a filter function in the z1 domain, and the Hilbert transformer in the z2 domain. An analytical method of the Christoffel-Darboux formula for the classical orthogonal Chebyshev polynomials, of the first and the second kind, is proposed in this paper in a compact explicit form in continuous domain. Also, the new class of the linear phase two-dimensional FIR digital filters, generated by the proposed modified formula and by direct mapping from the continuous domain into two-dimensional z domain, is given. The formula can be most directly applied for solving mathematically the approximation problem of a filter function of even and odd order. In order to illustrate, the examples of the efficient design of the new class of selective linear phase two-dimensional symmetric FIR digital filter functions are also given.
LINEAR-PHASE 2D FIR FILTER FUNCTION
Multiplierless linear-phase 2D FIR filter function with two free real parameters K and M is considered in this paper. A linear phase 2D FIR filter of NN-order is defined by (N, , ) (N, , ) ( 
If we directly apply the Christoffel-Darboux formula proposed in [6] , a new class of 2D FIR filter functions can be obtained as
Multiplying (4) 
Evidently, from (4) is seen that the proposed FIR filter function is multiplierless, and has only adders. Thus, for even N, e.g. N = 6, we can see that the function H(6,z 1 ,z 2 ) using (4) 
In the same way, for odd N, e.g. N = 7, we can see that the function H(7,z 1 ,z 2 ) using (4) 
2D FIR FILTER FUNCTION IMPULSE RESPONSE CHARACTERISTICS
The impulse response coefficients from Eq. (1), h(N,r,k), of the proposed 2D FIR filter from Eq. (4) for N=6, are given in the following matrix. 
The 3D plot and 2D contour plot of impulse response characteristic, h(N,r,k), of the proposed 2D FIR filter from Eq. (4) for even N=6, are given in the Fig. 1 and Fig. 2 , respectively. 
The 3D plot and 2D contour plot of impulse response characteristic, h(N,r,k), of the proposed 2D FIR filter from Eq. (4) for odd N=7, are given in the Fig. 3 and Fig. 4 , respectively. 
Fig . 6 shows the phase characteristic of considered linear-phase multiplierless 2D FIR filter function in the initial part, for the same values of the free integer parameters K and M, i.e., K = 3 and M = 7. In Table 1 are given the values of the surface area of pass-band of considered 2D FIR filter function for different values of given maximal attenuation. Results are given in (%) in relation to a total area of the amplitude characteristic. Table 2 are given the values of the surface area of stop-band of considered 2D FIR filter function for different values of given minimal attenuation in relation to a total area of the amplitude characteristic. a M K  = [160dB, 140dB, 120dB, 100dB, 80dB, 60dB] is shown in Fig. 10 . 
CONCLUSION
This paper presents an original approach to the multiplierless linear-phase spike 2D symmetric FIR digital filter function synthesis, bringing the significant improvements in the filter theory. The new modified 2D Christoffel-Darboux formula for continuous classical orthogonal Chebyshev polynomials of the first and classical orthogonal Chebyshev polynomials of the second kind is proposed in this paper, by new analytical method, in a compact explicit form.
The impulse response coefficients of proposed 2D FIR filter functions are presented in this paper, and corresponding examples of impulse response are illustrated.
Elegant explicit transition from the continuous domain into 2D z domain without residuum and without errors is successfully demonstrated. This new formula can be directly applied in generating selective spike 2D FIR filter functions. All parasitic effects, Gibbs's phenomenon, are suppressed and there is no need for using of multipliers.
Filters design by the proposed method can be applied in various areas, such as telecommunications, medicine, pharmacy, seismology, general localizations and diagnostics where they can be of special interest.
The illustrated examples of the three-dimensional frequency responses and corresponding 2D contour plots of proposed linear-phase symmetric 2D FIR filter are also presented. These examples illustrate the high advantages of the proposed approach and efficient way of designing high selective filters.
The paper presents a detailed analysis of size of the surface area of pass-band and a set of values of surface area of stop-band of multiplierless linear-phase 2D FIR filter function described in in previous research. Explicitly are given the sizes of characteristic bands of filter function for given values of attenuation.
Normalized surface area of the filter function pass-band with diamond sharpness spike multiplierless linear-phase 2D FIR filter is 3.4578915556 10 -5 with maximal attenuation of 0.28 dB. Normalized surface area of the filter function stop-band is 80.395% for the given minimal attenuation of 100 dB.
